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After the discovery of a new resonance, its couplings to the Standard Model (SM) need to be
described by the means of an effective theory, appropriately constructed to separate its mass
scale from the mass scales associated with the SM decay products. At the example of a scalar
resonance transforming as a singlet under the SM gauge group, we construct the operator
basis for such a theory using the language of Soft-Collinear Effective Theory (SCET) and
perform the resummation of the leading Sudakov logarithms.
1 Introduction
To describe interactions between possible high-scale new-physics (NP) effects and the SM, one
needs to account for the large scale gap between the NP scale and the scale of the observable
under consideration. For example, it is well-known that large QCD logarithms αs log(q
2/Λ2NP)
can spoil the convergence of the perturbation expansion for hadronic low-energy observables,
where q2 ∼ O(Λ2QCD). By describing the process in terms of an effective field theory (EFT),
these large logarithms can be resummed using renormalization group methods. For decays of
a NP resonance, q2 ∼ Λ2NP is of the high scale and one might suspect the absence of large
logarithms. However, the scale hierarchy between q2 and the masses in the final state introduces
large Sudakov logarithms, which need to be resummed just as well.
The appropriate effective theory of a heavy-to-light transition is the Soft-Collinear Effective
Theory 1,2,3,4, in which the low-energy degrees of freedom are comprised of fields with low
virtualities k2 ∼ 0. In contrast to traditional EFTs, individual components of kµ can still be
large, as long as kµ is light-like, and consequently operators can be non-local along the directions
of these large momentum components. The interested reader is referred to the literature for more
details on the construction and the resulting field-theory implications 5.
Here we show an excerpt of the operator basis of the recently developed SCETBSM, con-
structed for a singlet scalar resonance decaying to SM fields. Furthermore, we comment on the
matching procedure to a concrete UV completion and the size of the resummation effects. The
full operator basis along with the anomalous dimensions up to next-to-next-to-leading order in
the EFT power-counting can be found in the original paper 6, whereas the in-depth treatment
of the UV completion was presented in a later work 7.
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Figure 1 – Validity regions and matching thresholds for the various effective theories depending on the scale
hierarchy between the resonance mass mS and the scale of the additional NP sector mΨ.
2 Effective Lagrangian
To construct the operator basis, one writes down all possible interactions between the resonance
and the SM degrees of freedom allowed by the symmetries of the theory, just like one does in
any EFT like for example the SMEFT 8,9,10,11,12. One could now envision supplementing the
SMEFT operator basis by local operators coupling the scalar resonance S to various SM singlet
currents to describe the S couplings to the SM fields 13,14. Such a “SMEFT+S” would separate
the scale of the resonance mass mS from the scale mΨ of the UV completion that generates
these couplings, but not the resonance mass from the SM mass scales µSM ∼ v. Furthermore,
there is no reason to believe that mΨ  mS should hold. In fact, it is very plausible that a new
resonance is simply the first discovered particle out of a larger (undiscovered) NP sector.
By constructing the operator basis in the language of SCET, one obtains an effective theory
that can deal with both cases mΨ ∼ mS and mΨ  mS . In the latter case, one simply integrates
out the UV completion at mΨ and matches the “SMEFT+S” to the SCET at the matching scale
mS . If the sectors are at similar scales, mψ ∼ mS , one integrates out the full NP sector at mS
and matches it to the SCET, as depicted in Fig. 1.
In the SCETBSM, operators are organized in powers of the scale ratio λ = µSM/mS . Instead
of discussing the full basis, we will focus on three operators for brevity:
OAA = S g
⊥
µνAµ,an1 Aν,an2 Oφφ = S
(
Φ†n1Φn2 + Φ
†
n2Φn1
)
, Oij
FLf¯R
= S F¯ iL,n1Φ0f
j
R,n2
, (1)
where the first two are of O(λ2) and the third one is of O(λ3) in SCET power-counting. The
subscripts ni denote the directions of large momentum in which the particle is moving, described
by light-like reference vectors, satisfying a n2 = 0 and n¯ · n = 2. Each field operator can be
displaced along this direction ψn ≡ ψn(x+ tn¯). The Lagrangian is then a convolution over the
parameters t with the Wilson coefficients:
L ∼
∫
dt1 dt2C(t1, t2, µ)S(x)φ
†
n1(x+ t1n¯1)φn2(x+ t2n¯2) . (2)
Field operators are dressed with Wilson lines, defined by:
W (A)n (x) = P exp
[
igA
∫ 0
−∞
ds n¯i ·Ani(x+ sn¯i)
]
, (3)
to ensure gauge invariance. For scalars, fermions and gauge fields, the field operators are related
to the SM fields via 15,16:
Φn(x) = W
†
n(x)φ(x) , Ψn(x) =
/n/¯n
4
W †n(x)ψ(x) , Aµn(x) = W (A)†n (x)[iDµnW (A)n (x)] . (4)
The field Φ0 denotes a Higgs doublet carrying no momentum, which will be replaced by the Higgs
vacuum expectation value after electroweak symmetry breaking. The operator OAA generates
the decays S → jj, γγ, W+W− and ZZ whereas the operator Oφφ is responsible for the di-Higgs
decay as well as the decay into longitudinal electroweak bosons. The operators Oij
FLf¯R
generate
the various difermion decays.
aThe standard choice for a two-body decay would be n1 = (1, 0, 0, 1), n2 = (1, 0, 0,−1), n¯1 = n2, n¯2 = n1.
When performing the matching to the SCETBSM, one expands amplitudes in the mass ratio
λ. If another NP scale mΨ ∼ mS is present, one keeps the full dependence on it. As an example,
the decay S → gg, generated through a loop of vectorlike fermions of mass mΨ leads to the
Wilson coefficient
CGG(q
2) =
TF
pi2
[(
4m2Ψ
q2
− 1
)
arcsin2
(√
q2
4m2Ψ
)
− 1
]
, (5)
where the non-polynomial dependence of the coefficient on the momentum transfer q2 = m2S is
a consequence of the non-locality of the operator and a feature typical of SCET.
3 Resummation of large logarithms
The motivation for describing the decays S → SM in the framework of the SCETBSM is the
systematic resummation of large (double) logarithms of the form α log2 λ. This is achieved by
solving the renormalization group equations of the couplings in the effective theory. We will
demonstrate this by showing the numerical coefficients Ui(µ0,M) = Ci(µ0)/Ci(M), assuming a
NP-scale M = 2.5 TeV. We will also show the ratio between the resummed and the fixed-order
decay rates Ri = Γ
res
i /Γ
fo
i for the modes S → γγ, S → jj, S → tt¯ and S → hh. Only numerical
results will be shown here and none of the ingredients necessary to obtain them. They are
detailed in the original papers and references therein 6,7, including analytical solutions to the
RG equations governing the scaling behavior of the various Wilson coefficients.
Two operators contribute to the diphoton decay, OBB and OWW . Their running is described
by the coefficients UWW (mW ,M) = 0.80 e
.23i, and UBB(mW ,M) = 1. Neglecting an interaction
of the form Sφ†φ, the resummation leads to a suppression of the decay rate by a factor of:
RS→γγ = |0.9UWW (mW ,M) + 0.1|2 ≈ 0.67 , (6)
which is a sizeable effect, originating solely from electroweak corrections.
The leading contribution to the decay of S → jj is given by the operator OGG. The Wilson
coefficient of this operator needs to be scale-evolved to µj , which is an energy scale associated
with the definition of the jets. Assuming µj = 100 GeV, we find UGG ≈ 0.38 e0.98i. This leads
to a suppression of the dijet rate by:
RS→gg = |UGG(µj ,M)|2 ≈ 0.15 . (7)
Neglecting resummation effects would thus vastly overestimate the decay rate due to large QCD
corrections.
As an example of a difermion decay, the operator C33QLu¯R generates the decay S → tt¯. The
RG evolution from M to the top-quark mass is given by Uqq¯(mt,M) = 0.90 e
0.31i. This is a
relatively mild correction, leading only to a suppression of:
RS→tt¯ = |Uqq¯(mt,M)|2 ≈ 0.81 . (8)
Finally, the di-Higgs decay of the S is described by the operator Oφφ. Solving its evolution
equation yields the correction factor Uφφ(mh,M) ≈ 0.79 e0.08i. Consequently, the di-Higgs decay
rate is suppressed by:
RS→hh = |Uφφ(mh,M)|2 ≈ 0.62 , (9)
which is again a large correction, despite the fact that the final state does not contain any
color-charged particles.
4 Conclusions
We have developed an effective theory to describe the decays of a hypothetical scalar new-physics
resonance into SM fields, the SCETBSM. Since the mass of the resonance injects large energies
into the light final states, radiative corrections are bound to generate Sudakov logarithms of the
form α log2(µ2SM/m
2
S), which can spoil the convergence of the perturbation expansion and need
to be resummed to all orders. Since the light final state particles travel with large momenta,
the appropriate effective theory is SCET, which can separate the scales mS and µSM.
The construction of the SCETBSM does not make any assumptions about how the couplings
between S and the SM are generated in a UV-complete model, especially about the masses of a
possible larger NP sector. Traditional EFT constructions, akin to the SMEFT supplemented by
the scalar S are only valid in the case in which all other NP degrees of freedom are much heavier
than the resonance itself - an assumption that is not automatically justified. Furthermore, even
if the assumption is valid, the “SMEFT+S” can only separate the scale mS from the heavier
NP-scale and not mS from µSM. Therefore, in either case of the NP scale hierarchy, the result
has to be matched onto the SCETBSM to resum the large double logarithms.
The size of the resummation effects on the decay rates of the resonance were found to be
large - ranging from ∼ 20% in the mildest case up to a suppression factor of ∼ 85% for the most
extreme scenario and assuming a resonance mass of mS ≈ 2.5 TeV. The impact on predictions
for and constraints on beyond-the-SM constructions is therefore significant and should be taken
into account. Our framework provides a straightforward way of doing so, albeit at the time of
writing only for a spin-0, gauge-singlet resonance. In future work, we will extend the approach
to more complicated cases of non-singlet resonances and ones with non-zero spin, to cover the
interesting cases like leptoquarks, Z ′ bosons and heavy gluon excitations.
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